Abstract This study reports extraction and characterization of carotenoid pigments from Microbacterium paraoxydans, a non-photosynthetic bacterium, cultivated in Luria-Bertani (LB) medium. The isolate was identified to be moderately halo-and osmo-tolerant capable of withstanding high (* 6%) salt and sugar (30% w/v sucrose, 20% w/v glucose) concentrations after a brief period of adaptation. The pigments were characterized using a combination of UV-Vis spectral analysis with the k max at 407, 436 and 466 nm and ESI-MS with an m/z value at 536.44. The absorption profile of the pigments and their nature was influenced by carbon, nitrogen source and presence of salt in the growth medium. Highest level of pigment (* 16 g kg dry wt cells -1 ) was produced in NH 4 Cl supplemented LB medium. The pigment displayed free radical scavenging, anticancer activity, characteristic of the plant carotenoids. Based on the accumulation of pigments under different conditions, a biochemical pathway for synthesis of neurosporene was proposed.
to their prominent role in various degenerative diseases [2] , cell-cell communication, anti-microbial and anti-cancer properties, there is considerable interest in these molecules in the health sector [3] . The molecular basis of these activities is attributed to its role in protecting the microbe against oxidative stress resulting from accumulation of reactive oxygen species (H 2 O 2 , superoxide anions, hydroxyl radicals). Carotenoids are also potent antioxidants and can quench singlet oxygen ( 1 O 2 ). Owing to their pro-vitamin A function, many of these protect against macular degeneration preventing cataract [4] . Recently, the role of carotenoids has also been demonstrated in generation of reducing power, required for assimilative activity in Gordonia alkanivorans [5] . Despite the abundance of these pigments in actinobacteria, they have not been well described in the Microbacterium genus. The aim of the present work was to study the effect of cultivation conditions of Microbacterium paraoxydans [6] on production of carotenoids, characterize these and to evaluate its antioxidant and anticancer property. Availability of pigments from a non-photosynthetic bacterium is desirable as cultivation can be carried out under submerged conditions in a laboratory bioreactor and the process is not amenable to seasonal and geographical variations.
The detailed biochemical properties of this isolate are summarized in Table S1 . The isolate was observed to grow on high concentrations (up to 30%) of sucrose, glucose (up to 20%) and NaCl (6%) making it a moderately osmo-and salt-tolerant bacterium. While yeasts, such as Rhodotorula, have been widely studied for production of carotenoids [7] , recently halophiles (both bacteria and yeasts) have been identified to hold a great promise in production of various carotenoids including Bacillus sp., Dunaliella and Salinibacter ruber, the latter being rich in salinixanthin [8] [9] [10] . The present study identifies a moderate halophilic nonElectronic supplementary material The online version of this article (http://doi.org/10.1007/s12088-017-0686-9) contains supplementary material, which is available to authorized users.
& Saroj Mishra saroj98@hotmail.com photosynthetic bacterium to be a good producer of carotenoids. The FAME analysis of this bacterium indicated that the cell membrane was rich in anteiso-C 15:0 fatty acids, which was nearly 49% of the total fatty acids, followed by iso-C 16:0 (18% of total), anteiso-C 17:0 (13%) and iso-C 15:0 (12%). The pigments were extracted from wet biomass, obtained from growth on LB medium, using minimal quantity of 100% methanol. The final yield of the pigment was * 7.5 mg g cells -1 , 30-fold higher than that reported for Rhodotorula glutinis (0.26 mg g cells -1 ). For experimental details, see footnote to Table 1 . When run on TLC, a single yellow spot at R f value of 0.65 was visualized. Raman analysis of whole cell lyophilized powder was conducted on an inVia reflex Micro-Raman spectrometer, Renishaw equipped with a 514.5 nm (green) argon ion laser. Three distinct bands were obtained at 1593, 1123 and 701 cm -1 suggesting it to be carotenoid (Fig. S1 ). The UV-Vis absorption spectrum of the pigment showed k max values at 407, 436 and 466 nm, typical of C 40 carotenoids (Fig. S2a) . Further, the mass data with an m/z peak at 536.44 ( Fig. S2b ) allowed to conclude that the pigments were of the C 40 type corresponding to a molecular formula of C 40 H 56 . The anti-oxidant property of the pigment was confirmed by TLC autobiography [11] using 1,1-diphenyl-2-picrylhydrazyl (Fig. S3 ) and the anti-cancerous effect of the isolated and purified pigment was confirmed on MCF7 cell lines, in both time and concentration dependent manner (Fig. S4 ).
Of the many factors that can affect carotenoid production, such as pH, temperature of cultivation, CO 2 concentration, dissolved oxygen (DO), carbon and nitrogen source, TCA cycle intermediates, effect of cultivation conditions and nutrient supplementation was investigated, in the present study, on carotenoid yield. The results indicated that the pigments were produced both on plates as well as in the liquid medium, with slightly higher (1.8-fold) quantities produced on plates (Fig. 1) . Addition of sugars to LB medium led to a marginal increase in carotenoid yield (* 1.8 to 3.1-fold) with maximum enhancement in the presence of sucrose. The effect of carbon and nitrogen source has been investigated on carotenoid production in Phaffia rhodozyma and Formosa [12] [13] [14] , Sporidiobolus pararoseus [15] and the results indicate fermentative sugars such as sucrose, mannose to support higher carotenoids formation (of 13.98 mg/L) than glycerol. An increase in TCA cycle intermediate, Acetyl Co-A, resulting from breakdown of sugars, and which is also a precursor of isoprenoid biosynthetic pathway may be responsible for enhancing yield of carotenoids. While glucose has been reported to support good carotenoid yield in S. pararoseus, the present study indicated it to result in lower yield and this was attributed to repression of the relevant biosynthetic pathways. In the marine bacterium, Formosa sp., maximum carotenoids (15 mg/L) were accumulated in the absence of any carbon source [14] . The role of nitrogen source was investigated as several studies [15] [16] [17] [18] indicate that the The cells were cultivated in 100 mL of Luria broth (LB containing 1% NaCl) contained in 500 mL Erlenmeyer flasks and incubated with shaking at 220 rpm at 37°C to early stationary phase. This served as the control b Sugars such as glucose (Glc), sucrose (Suc) or xylose were added to LB medium to a final concentration of 5% (w v concentration and nature of nitrogen source (inorganic or organic) affects total carotene yield. The studies indicated that inorganic nitrogen was better in enhancing carotenoid yield, and maximum enhancement was observed in the presence of urea. This was in contrast to other studies, wherein, organic nitrogen source, such as corn steep liquor and yeast extract, were found to enhance carotenoid yield up to 15.75 mg/L [15] . Increasing DO to 30% saturation lead to further increase in carotenoid concentration [15] . Addition of amino acids such as glutamic acid and threonine have also been reported to have positive effect on growth as well as carotenoid concentration [18] . Thus, while nitrogen, per se, may not have a direct role in the pigment production pathway, it increases carotenoids by way of increasing general cell growth. Extra addition of NaCl resulted in enhancement of carotenoid yield to 0.051 g (g wet wt cells) -1 . This was similar to the results reported for Rhodotorula sp. where addition of divalent salts of Fe 2? , Cu 2? and Zn 2? led to increased biomass and increased torulene production [19] . Table 1 shows an interesting dependence of carotenoid profile on various carbon, nitrogen and salt supplemented medium. It is reported [20] that the number of conjugated double bonds (N) influences the absorption maxima or, in other words, the N value can be calculated from the k max values and used to determine the type of carotenoid being produced. For this, the ratio of III/II was used, which is defined as the ratio of peak heights of third and second absorption bands and is characteristic of a particular carotenoid. These values were computed for carotenoids produced under different cultivation conditions and was used to gain an insight into possible pathway of synthesis. Table 1 shows that the III/II values were greater than 0.7, suggesting that the number of conjugated double bonds in the pigment was 9. The LB grown cells showed a value of 0.8 for III/II, which is that of neurosporene [20] of the family of Microbacteriaceae. On NH 4 Cl and NH 4 NO 3 supplemented medium, the cells accumulated e carotene (0.85) and diapo-e-carotene (0.86). The NaCl supplemented cells showed accumulation of phytofluene and diapophytofluene carotenoids at 1% and 3% (w v -1 ) respectively. All these were identified as intermediates in the synthesis of neurosporene [21] allowing us to put forth the following biosynthetic pathway. Two molecules of Geranylgeranyl pyrophosphate (GGPP), a precursor of C 40 carotenoids, condense to 'phytoene' which is sequentially transformed into phytofluene, f-carotene, neurosporene and lycopene. The enzyme responsible for this conversion is Crt-I type phytoene desaturase. Further, lycopene undergoes cyclization to form b-carotene by action of lycopene cyclase (Fig. 2) . Since only Crt-I type phytoene desaturase is present in Microbacterium [22] , the carotene synthesized was concluded to be neurosporene. Other members of the family Microbacteriaceae, for instance, can transform neurosporene into compounds with larger molecular masses, which can be detected through mass spectrometry analyses. Bonferroni range test (P* \ 0.05, P** \ 0.01, P*** \ 0.001 respectively) using GraphPad Prism version 5 for Windows, GraphPad Software, San Diego, California USA, www.graphpad.com
